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Estimates based on provisional data for 2018 from the Centers for Disease Control and Prevention (CDC) explain these findings. Of an estimated 48 000 overall opioid-related overdose deaths in 2018, 28 400 deaths involved nonmethadone synthetic opioids, the most common of which was illicitly manufactured fentanyl. 3 This trend is concerning because illicitly manufactured drugs commonly contain additional pharmacologically active components. These components are added during the illicit manufacturing process to either increase the bulk of the product or enhance the potency of the primary active component, are known as adulterants or cutting agents, and can themselves be toxic. 4 In this Executive Perspective, we review data on the opioid crisis and describe recent US and global trends in the role of toxic adulterants and other pharmacologically active components in illicitly manufactured street drugs. We also highlight the role of toxic adulterants in opioid-related overdose deaths, chronic illicit drug abuse, and other public health issues. Finally, based on the information provided, we propose that clinicians increase attention to the potential role of toxic adulterants when evaluating and treating patients involved in drug abuse, overdose death, and addiction and that future public and personal health responses to the opioid epidemic emphasize building awareness and knowledge about the presence and dangers of toxic adulterants. In this way, we can further highlight the need to aggressively decrease the supply of illicitly manufactured drugs.
A Closer Look at the Opioid Crisis
Addressing the US opioid crisis involves taking an in-depth look at data on legal opioid prescribing, licit and illicit use of opioids by patients for pain and addiction, and overdose deaths. According to data from the 2017 National Survey on Drug Use and Health, the misuse of prescription opioids is declining. 5 CDC also notes that the overall national opioidprescribing rate declined from 255 million in 2012 to 191 million in 2017. 6 However, despite these trends, the number of overdose deaths involving illicitly manufactured opioids (eg, fentanyl and fentanyl analogues) is increasing. 7 Similarly, in a 2017 analysis of 20 states by CDC, nonmethadone synthetic opioids were detected in about 60% of opioidrelated overdose deaths in 15 states, which represented a 45% overall increase from the previous year. 1 These data highlight the concern that illicitly manufactured opioids have become the main drivers of the nation's opioid crisis, and they prompt a call to action for both clinicians and public health professionals.
Other evidence also suggests that the current opioid epidemic is more complex than was originally recognized, in large part because it involves far more than the previously described drugs (eg, fentanyl, prescription opioids). 8 It is becoming clear that the fentanyl and fentanyl analogues associated with overdoses are produced in clandestine laboratories rather than in commercial pharmaceutical laboratories. 7 These drugs are then sold on the street as a powder, spiked on blotter paper or film, and then mixed with or substituted for heroin or as tablets that mimic other, less potent opioids. This illicitly manufactured fentanyl is now being mixed with counterfeit pharmaceutical pills, heroin, and cocaine. 9, 10 At the same time, the Drug Enforcement Administration (DEA) reported that the cocaine supply in 2017 had reached its highest level since 2007.
11 National data also suggest that in 2017, cocaine use had its most significant increase since 2009. 5 Because cocaine is increasingly being added to illicitly manufactured fentanyl, these cocaine-related trends are likely complicating and amplifying adverse outcomes of the opioid crisis.
At the same time, illicitly manufactured drugs can increasingly contain various other pharmacologically active components, in addition to cocaine and heroin. 4 These additional components or ingredients are typically added in illicit noncommercial laboratories and are commonly known as cutting agents or adulterants. These adulterants come from a wide range of pharmacological categories, and many are toxic when ingested alone or in combination with other drugs. The presence of these adulterants in street drugs adds yet another layer of complexity to the US opioid crisis.
The problem of adulterants is exacerbated by the fact that most commercially available toxicological analyses identify a limited number of adulterants in illicit drug samples. Consequently, adulterants often go undetected, and their presence tends to be underreported. 4 The effects of this limitation manifest in various settings. For example, in 2016 in the United States, only an estimated 15% of death certificates with overdose listed as a cause of death specified the types of drugs involved in the overdose, 1 despite recommendations by the National Association of Medical Examiners that certifiers should list all drugs involved in overdose deaths. 12 An analysis of National Vital Statistics System Multiple Cause of Death mortality files from [2008] [2009] [2010] showed that states with centralized medical examiner systems were able to specify a higher percentage of the drugs involved in overdose deaths than states with other systems, such as county/district examiners, decentralized county coroners, or a mix of decentralized systems. 13 A related problem is that, for various reasons, including a lack of adequate time and resources, many state crime laboratories, emergency departments, and medical examiners in the United States do not routinely test for adulterants, unless requested to do so.
Global Trends in the Role of Adulterants
Since 2015, the US Department of State has partnered with Colombo Plan, an independent intergovernmental organization based in Sri Lanka, to gain additional insight into the characteristics of the opioid-and other illicit drug-related overdose epidemics and to identify toxic adulterants that are used in the manufacture of illicit drugs in the United States and other regions of the world. 16 Colombo Plan scientists have traveled to Argentina, Brazil, Ecuador, Peru, and South Africa to collect street drug samples and urine samples from street drug users, and the samples are tested using Raman and Fourier transform spectroscopy, immunoassays, and liquid chromatography/mass spectrometry. 17 In these samples, they identified adulterants such as aminopyrine, diltiazem, dipyrone, levamisole, and phenacetin. These findings are similar to the findings of a 2016 DEA Special Testing and Research Lab report, which demonstrated that most South American heroin imported into the United States contained adulterants, including aminopyrine, diltiazem, and phenacetin, as well as acetaminophen, caffeine, diphenhydramine, quinine, and xylazine. 18 The presence of toxic adulterants in street drugs worldwide appears to be magnifying the danger of these drugs to those who use them. Colombo Plan scientists reported that adulterants were likely related to additional local health problems identified in the regions tested. 17 For example, emergency departments and drug treatment centers in South America and Africa have reported severe health effects from suspected adulterants added to street drugs, including renal and liver problems, blood disorders, infectious diseases, respiratory depression, and cardiac arrest. 19 
Emerging US Trends in the Role of Adulterants
In 2017, Colombo Plan scientists partnered with NMS Labs (Horsham, PA) to test street drug samples of opioid and cocaine from Vermont and Kentucky to determine whether adulterants similar to those found overseas were also appearing in the United States. 20 Using quadrupole time-of-flight mass spectrometry, a technology not routinely found in forensic or clinical laboratories, they identified multiple additional pharmacologically active components in most of the drug samples. A total of 301 of 311 (97%) samples collected in Vermont and 107 of 120 (89%) samples collected in Kentucky contained multiple additional pharmacologically active components (Figure) . As many as 9 or more additional components, including fentanyl, were identified in 47 (15%) samples from Vermont and 17 (14%) samples from Kentucky. In addition to fentanyl, the additional components included adulterants (eg, acetaminophen, aminopyrine, diltiazem, diphenhydramine, dipyrone, levamisole, phenacetin, quetiapine, and others), controlled drugs (eg, cocaine, heroin), and impurities from the heroin-manufacturing process (eg, acetyl codeine, noscapine, papaverine; Table) .
Similarly, a report from the Florida Drug-Related Outcomes Surveillance and Tracking System at the University of Florida indicated that more than 90% of decedents with opioid-related overdose deaths in Florida in 2017 also had other, nonopioid, toxic components in their systems. Among those whose deaths were caused by opioids, such as fentanyl or heroin, an average of 2 or 3 additional nonopioid pharmacologically active components were also involved. Furthermore, as many as 11 additional components were identified in the systems of several decedents during autopsy. 21 Most toxic adulterants detected in street drug samples in the United States, either alone or in combination with other pharmacologically active components, have also been implicated as possible causes of adverse health outcomes, including death. Health issues reported in the United States to be related to these adulterants include anemia, bone marrow damage, cancers, cardiac arrhythmias, hemolytic uremic syndrome, leukopenia, multifocal inflammatory leukoencephalopathy, neutropenia, and renal failure. 22, 23 Yet the danger lies not only in the direct toxicity of these adulterants but also in their unpredictability and their potential for unknown or unanticipated synergistic reactions with the opioid or other nonopioid components, all of which increase the risk for adverse health consequences, including death. 4 
Building Awareness and Knowledge of Toxic Adulterants Among Clinicians and the Public Health Community
The opioid crisis is one of the worst public health crises ever faced in the United States. 24 To date, efforts to respond to the opioid crisis have focused primarily on limiting opioid prescriptions and reducing the supply of illicitly manufactured fentanyl. 8 However, our analysis of trends in the United States and other regions of the world suggests that increased emphasis should be placed on the presence of toxic adulterants and other dangerous pharmacologically active components in street drugs. Mounting evidence suggests that overdoses, severe health consequences, and even death can occur as a result of the toxic and potentially synergistic effects of multiple toxic adulterants in combination with illicitly manufactured drugs of abuse. 22, [25] [26] [27] Moving forward, physicians and other clinicians in emergency departments, urgent care centers, primary care settings, and substance abuse treatment facilities will need to be increasingly aware of the role of toxic adulterants in how patients who take street drugs present. They will also need to be increasingly mindful that toxic adulterants can cause unusual drug interactions, complications, and medical conditions, all of which may increase the risk of opioid-related overdose and death. Also, because health care providers and patients are best served by having a complete list of the drugs present in a patient's system, more complete toxicology panels, including those that test for a variety of adulterants, need to be available and used. Failure to recognize and identify toxic adulterants is likely to hinder timely and appropriate treatment, including life-saving measures.
In addition, public health professionals can work to build awareness and knowledge about the presence and dangers of toxic adulterants, particularly in populations most at risk for seeking illicit drugs. They can also continue to advocate for more comprehensive analyses of street drugs and their compositions, including toxic adulterants. Data from these analyses will provide a better understanding of the various factors that play a role in overdose deaths and will help identify emerging trends in the role of adulterants in the opioid epidemic.
Greater awareness and understanding of the developing role of toxic adulterants in the US opioid crisis is needed. Improved recognition of and knowledge about toxic adulterants could help clinicians take a more well-informed approach with their patients and guide public health Number of pharmacologically active components identified in street drug samples from Vermont (n ¼ 311) and Kentucky (n ¼ 120), 2017. 20 Illicitly manufactured drugs commonly contain additional pharmacologically active components that are added during the manufacturing process, some of which are known as adulterants or cutting agents. Colombo Plan Secretariat scientists, in conjunction with NMS Labs (Horsham, PA), used quadrupole time-of-flight mass spectrometry to test opioid and cocaine samples for adulterants and other pharmacologically active components and found that all street drug samples contained 1 additional toxic adulterant, fentanyl, another controlled drug, or an impurity from the heroin-manufacturing process. Of the 311 samples collected in Vermont, 301 (97%) contained >1 additional pharmacologically active component, 259 (83%) contained 5 additional components, and 47 (15%) contained 9 additional components. Of the 120 samples collected in Kentucky, 107 (89%) contained >1 additional pharmacologically active component, 38 (32%) contained 5 additional components, and 17 (14%) contained 9 additional components. professionals in formulating additional policies and programs to address the crisis.
